This study investigates management incentive to disclose non-GAAP indicators concerning innovation in high-technology industries and the usefulness of the disclosure. As predicted, we find that firms increase disclosures of innovation when current earnings are less informative, or when future earnings are more uncertain. This finding is consistent with firms increasing disclosure in response to investor information demands when accounting data are less useful in assessing firm value. We also find that disclosures of innovation contain price-sensitive news. In addition, we find that disclosures of innovation are positively associated with the firm's future sales growth, profitability, and stock returns, after controlling for current performance and other factors known to influence future performance. This evidence is consistent with management disclosure conveying valuerelevant information that is not reflected in current performance, but is predictive of future performance. © City University of Hong Kong.
Introduction
Recent studies on intangible assets tend to focus on accounting information reported in financial statements (e.g. R&D expenditures). However, there has been little research on "' Correspondence to Professor Feng Gu, Boston University, School of Management, 595 Commonwealth Avenue, Boston, MA 02215. Tel: (617) 353-4985; E-mail: gu@bu.edu. management disclosure of qualitative or non-financial information about intangibles. This study examines management disclosure of indicators concerning innovation that lie outside the confines of the generally accepted accounting principles ("GAAP"). We investigate management incentive to provide disclosure about the key elements of innovation. We also provide evidence on the usefulness of the disclosure.
We predict that firms have greater incentives to make disclosures about innovative activities when earnings are less useful in reflecting the value and performance of intangible assets. Earnings are expected to be less useful when current earnings are less informative, or when future earnings are more uncertain. Under these conditions, disclosures of value-relevant information -such as indicators of innovation -are likely to be useful to investors. We hypothesize that disclosures of innovation are greater when reported earnings are less informative due to the joint effect of immediate expensing of R&D and increases in the rate of R&D spending. We also predict greater disclosures for firms with higher R&D intensity, firms reporting losses, younger firms, and firms with more volatile stock returns, as these firms tend to have more uncertain future earnings. Consistent with management incentive to supplement current earnings with value-relevant information, we further hypothesize that disclosures of innovation reveal information that is not reflected in the firm's current performance, but is relevant for future performance.
Consistent with this set of predictions, we find that firms make greater disclosures of innovation when they increase the rate of R&D spending. We also find that disclosures of innovation are positively associated with the firm's R&D intensity, indicator of losses, and stock return volatility, and are negatively associated with the firm's age. Our findings remain significant after controlling for the size of R&D activities and factors that prior studies show are associated with disclosure decisions, such as firms' access to capital markets, industry membership, firm size, and growth prospects (e.g. Frankel et al. (1995) , Lang and Lundholm (1993) ). This evidence is consistent with firms increasing disclosure in response to demands by investors for information when financial accounting data are less useful to investors as they attempt to assess firm value. We also find that disclosures of innovation are positively associated with stock returns, suggesting that the disclosure is informative. In addition, we find that disclosures of innovation are positively associated with a firm's future sales growth rate, profitability, and stock returns. This result remains statistically significant and economically meaningful after controlling for current performance and other factors known to influence future performance. Our evidence is consistent with management disclosures conveying to investors value-relevant information that is not reflected in current performance, but that is predictive of future performance.
This study contributes to the literature that examines management disclosures and the usefulness of information on intangible assets. While prior empirical studies find that accounting information on investments in intangibles is value-relevant, little research exists on firms' incentives to disclose non-GAAP indicators relating to intangibles. We shed light on this issue by examining media disclosures of innovation activities by 140 high-technology firms. Our results indicate that disclosures of innovation are inversely related to the informativeness of current earnings and are positively associated with the uncertainty in future earnings. This evidence is consistent with the findings of recent studies that firms increase their level of disclosure when investors demand additional value-relevant information to help assess firm value (e.g. Chen et al. (2002 ), Tasker Asia-Pacific Journal of Accounting & Economics 10 (2003 (1998)). Moreover, our evidence suggests an association between disclosures of innovation and the firm's future economic performance, which corroborates the result of Lundholm and Myers (2002) that management disclosures convey information related to future earnings.
The remainder of this paper proceeds as follows. Section 2 motivates our hypotheses. Section 3 describes the disclosure metric used in this study. In section 4, we explain the research design of the study, including the statistical model and estimation of empirical proxies. Section 5 describes the sample and reports empirical results. Section 6 provides a summary and conclusions.
Hypothesis development

Determinants of disclosures of innovation
Prior research suggests that firms have incentives to disclose information that is useful to investors in assessing firm value (Grossman (1981) , Dye (1985) ). We expect that managers have greater incentives to disclose non-financial information when financial information, such as earnings, is less useful. In the setting of high-technology industries, disclosures of innovation are likely to be useful to investors because financial information based on traditional accounting models does not adequately reflect the value created by innovative activities such as R&D (FASB (2001a) , SEC (2001) ). When earnings are less useful, it is likely that disclosures of innovation, particularly those concerning the firm's long-term strategies or non-financial leading indicators, can provide investors with more value-relevant information. Consistent with Chen et al. (2002) , we expect earnings to be less useful in valuing firms when current earnings are less informative, or when future earnings are more uncertain. Thus, our overall prediction is that high-technology firms make more disclosures of innovation when current earnings are less informative, or when future earnings are more uncertain.
From an accounting measurement perspective, the lack of informativeness in earnings of high-technology firms is likely related to a mismatch between revenues and expenses under the expensing rule of R&D. When the investment rate in R&D changes over time, reported earnings based on immediate expensing will differ materially from economic earnings based on capitalisation of R&D. This distortion in the accounting measurement process is expected to adversely affect the usefulness of earnings information. Consistent with this, Lev and Zarowin (1999) find that firms with greater increases in the rate of R&D spending have less informative earnings, as indicated by lower earnings response coefficients and smaller /?2s in the return-earnings regression. Thus, we predict a positive association between disclosure of innovation and change in R&D spending rate. This is our first hypothesis (in alternate form):
Hp Firms with higher increases in the R&D spending rate make more disclosures of innovation.
Firms in high-technology industries also operate in highly uncertain business environments, largely due to uncertain future outcomes from investments in innovation. Compared to other corporate activities such as production and marketing, innovation is highly risky and thus increases the uncertainty in future earnings. Consistent with this, Kothari et al. (2002) find that future earnings volatility associated with R&D is about three times larger than future earnings volatility associated with investment in physical assets. The inherent risk makes the disclosure of innovation -such as the nature and progress of the activityrelatively more useful to investors as they assess the potential payoff of the investment.1 Hence, our second hypothesis is (in alternate form): H2: Firms with higher R&D intensity make more disclosures of innovation.
We also expect high-tech firms to increase disclosure of innovation when they report losses. Since negative earnings are less useful for valuing firms (Collins et al. (1997) , Hayn (1995) ), investors are likely to have greater demand for additional value-relevant information to supplement the information in earnings in the event of losses. Moreover, for R&D-intensive firms, losses are often indicative of the absence of revenue during early stages of the innovation process. Given early-stage innovations tend to be associated with more uncertain prospects, and hence more uncertain future earnings, disclosures of innovation are likely to be more useful to investors for assessing the value of such firms.2 Thus, we expect firms to have greater incentives to make disclosures about their innovation activities when they experience losses. This is our third hypothesis (in alternate form):
H3: Firms reporting operating losses make more disclosures of innovation.
Firm age may also affect investors' demand for value-relevant information. Lang (1991) suggests that investors are inclined to find disclosure of younger firms more useful, because future operations of younger firms are likely to be less predictable and there is more uncertainty about the earnings prospects for such firms. Consistent with this, Chen et al. (2002) find that younger firms are more likely to make voluntary disclosure of quarterly balance sheet information. Thus, we predict that younger firms make more disclosures of innovation.3 This is our fourth hypothesis (in alternate form):
H4: Younger firms make more disclosures about their innovative activities.
1 R&D intensity may also proxy for information asymmetry between managers and investors. Aboody and Lev (2000) find that the frequency and gain of insider trading are greater for firms with higher R&D intensity, suggesting that R&D is a major contributor to information asymmetry. Prior studies suggest that firms with greater information asymmetries are more likely to make disclosures (e.g. King et al., 1990) . Thus, the information asymmetry hypothesis also predicts a positive association between disclosure and R&D intensity.
Investors' demand for information about innovation of high-technology companies is also likely to be associated with stock return volatility. Higher stock return volatility suggests greater uncertainty about future earnings, as stock prices reflect investor expectations of future earnings. Disclosures are likely more useful to investors when facing more uncertainty in future earnings; therefore, we expect that firms with more volatile stock returns make more disclosures of innovation. Thus, our fifth hypothesis is (in alternate form): H5: Firms with higher stock return volatility make more disclosures of innovation.
Proprietary? costs, litigation costs, and disclosures of innovation
A firm's disclosure is likely to be affected by proprietary information costs (Verrecchia, 1983) . We expect proprietary costs to increase as firms invest more in innovation, due to the fuzziness of property rights of most intangibles and the difficulty of appropriating benefits from such assets. The proprietary costs hypothesis, therefore, predicts that firms investing more in innovation are less likely to provide disclosure. This is opposite to our prediction that firms with higher R&D intensity make more disclosures. Thus, proprietary information costs should operate against finding the result predicted by Hypothesis 2. Moreover, prior studies suggest that proprietary costs vary by industry competitiveness (Harris (1998) , Clarkson et al. (1994) ), which is captured by an industry dummy in our regression analysis.
Litigation costs may also affect firms' disclosure decisions. Litigation against firms for omitted or untimely disclosures can motivate managers to increase disclosure; however, the threat of litigation may also reduce firms' incentives to provide disclosure, if disclosures can be cited as a precipitating factor in litigation. Empirical evidence on the relation between disclosure and litigation costs is mixed. Skinner (1994) finds that firms are more likely to pre-disclose earnings in anticipation of adverse earnings news, whereas Francis et al. (1994) find no evidence that disclosures are effective in deterring litigation. Research also finds that litigation costs are higher in high-technology industries (e.g. Jones and Weingram, 1996) . As described in section 5, we restrict our sample to high-technology firms, thus mitigating cross-sectional variations in litigation costs associated with industry membership.
Usefulness of disclosures of innovation
Prior studies find a positive contemporaneous relationship between firm value and accounting information on intangible assets, indicating that these measures are useful to investors.4 Consistent with these results, we expect disclosures of non-GAAP indicators concerning innovation to be informative. Furthermore, consistent with management incentive to supplement earnings information with disclosures of innovation, we also hypothesize that these disclosures contain value-relevant information on leading indicators that are not yet reflected in the firm's current financial statements, but are predictive 148 Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) of the firm's future performance. Therefore, we predict a positive association between disclosures of innovation and the firm's future performance. This is consistent with the finding of Lundholm and Myers (2002) that management disclosures convey to investors information that is not in the firm's current earnings but that is relevant for its future earnings. Hence, our sixth and seventh hypotheses are (in alternate form), respectively: H6: Disclosures of innovation are associated with significant contemporaneous market reactions. H?: Disclosures of innovation are positively associated with the firm's future economic performance.
Disclosure metric
We base our measure of disclosure level on information firms provide in their media news releases. Compared to annual reports, news media allows companies to disseminate information in a timelier manner. Timely information is more useful to investors because of the ever-changing nature of innovation. We also expect media disclosure to be a good proxy for the overall level of disclosure across all information avenues, as prior studies suggest that the levels of disclosure provided by firms via different media are positively correlated (Lang and Lundholm, 1993) . The database of media disclosure used in this study is NEXIS/News/Wires provided by the NEXIS Academic Universe.
To measure the quantity of disclosure, we construct a metric based on the amount of news reported by companies about innovation. This metric consists of only generic information items that are applicable to all firms, regardless of their differences in size, industry membership, and other characteristics. The selection of items included in the metric was guided by economic studies of innovation and recent recommendations on improving business reporting made by special committees of the Financial Accounting Standards Board ("EASE") and the Securities and Exchange Commission ("SEC") (EASE (2001b), SEC (2001)). A common belief in the committees' recommendations is that investors will benefit from more disclosures about intangible assets.5 Accordingly, we choose items suggested by prior studies as relevant to investors in assessing the nature, risk, and potential payoffs of innovation. We summarise these items into three information categories: strategy, progress, and completion or commercialisation. Exhibit 1 provides a list of information items used in the construction of our disclosure metric. Also included in the Exhibit are sample disclosures for each information item. 
Strategy
Information on firms' strategies provides investors with the necessary background to assess inherent business risk and the likelihood of future success. In its framework for providing voluntary disclosures, the FASB's Steering Committee Report specifically identifies, among other elements, "management's strategies and plans for managing those critical success factors in the past and going forward" (FASB, 2001b) . The importance of the process and high risk of innovation means that information on strategies for developing and discovering intangible assets should be especially useful to investors. The disclosure items in this category include details on the strategic elements of innovation, focusing on the planning and organisations for the activity. Of particular importance are management's articulation and explanation about the goals and nature of innovation (e.g. basic research versus applied research) and how innovation is carried out -forms of alliance and means of acquisition.
Progress
Indicators on the progress of innovation are particularly useful to investors because they contain timely information that is typically omitted in financial reports. Thus, the SEC-inspired task force concluded, "they [investors] also need to understand the key milestones for the development of the company and its progress on achieving key operating performance measures" (SEC, 2001 ). The disclosure measure in this category includes information on the developments or achievements of innovation, which should help investors to assess the output of innovation and the change in risk concerning innovation as the process moves along.
Items in this category reflect specific indicators as well as general information about the progress of innovation. Information on R&D breakthroughs or milestones, such as successful product testing and clinical trials, award of patents, and FDA approval of new drugs, indicates specifically measurable progress of companies' innovation activities.6 Details of pipeline projects or new products under development provide early indication of such progress. We also include in the metric information on human factors such as the turnover of star scientists and details on the experience of research teams, because human capital is indispensable to innovation.7 Disclosure of general information about the innovation process, including the status of R&D projects, availability of future financing, and whether project development is on schedule, may also provide useful updates for investors.
Completion or commercialisation
Eventual completion and commercialisation signifies the success of innovation, and information on the delivery of marketable products or services helps investors assess the 152 Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) value created by the activity. In setting international accounting standards, the existence of a market for the output of intangibles arising from development is often a key criterion for the recognition of internally developed intangibles as assets. For instance, the International Accounting Standards IAS 38 specifically identifies the existence of markets for firms' products as a condition for capitalising internally developed intangibles (IASC, 1998) .8 The items included in this category, therefore, focus on the markets for firms' products and technologies such as new product launches, marketing alliances, and licensing or sale of patents.9 The ultimate value of innovation, of course, hinges on the owners' ability to effectively enforce the property rights of intangibles. This is particularly important, because the property rights of most intangibles are not well defined. As such, in the metric we also include information on litigation involving firms' intellectual properties, such as patent infringement and breach of licensing agreements.
Calculation of the disclosure score
Using the disclosure metric outlined above, we computed a disclosure score, which we refer to as DISC, to quantify the amount of media disclosure that firms provide. In calculating the disclosure score, we give equal weight to all information items and assign one point (1.0) to a firm for the disclosure of an item. This scoring procedure was applied to press releases made by sample firms during 1992 to 1994. The disclosure score of a press release was the number of non-redundant information items it contained.10 If information items pertaining to the same event appear in multiple press releases, they are counted only once, in the disclosure score of the earliest press release. For each year, we compute a firm-specific disclosure score by summing the number of points across all press releases Using the disclosure metric displayed in Exhibit 1, we identify in the announcement four useful information items, namely the form of R&D venture (a research contract), amount of financing (provided by the contract), the nature of the innovation (research and development of RVSI's ice detection technology), and the objective and plan (delivery of an ice detection system to the FAA for testing and evaluation this year). Accordingly, we assign a disclosure score of 4.0 to this press release. Accounting & Economics 10 (2003) 143-172 153 attributable to the firm.11 A separate disclosure score is also computed for each information category.
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To test our hypotheses on the relation between disclosures of innovation and the informativeness of earnings, we estimate the following model: 
RETVOL.t LOG(RD) .t OFFER.
DIND.t LOG(MV) j M/B.
= the firm's disclosure score of year t (calculated by following the procedure described in section 3); = the change of R&D intensity (the ratio of R&D expenditure to sales), from year t-3 to year t\ R&D intensity (the ratio of R&D expenditure to sales);
= a dummy variable equal to 1 for loss firms, and 0 otherwise;12 = the number of years for which the firm is traded as a public company (based on stock price data from the CRSP database); = the standard deviation of monthly stock returns over the prior year; = the natural logarithm of R&D expenditure; = a dummy variable equal to 1 if the firm files a debt or equity registration statement in the current fiscal year or in the next two fiscal years, and 0 otherwise; = a dummy variable equal to 1 if the three-digit SIC of the firm is 283 (biotech and drugs), and 0 otherwise; = the natural logarithm of market value at fiscal year-end; and = the ratio of market value to book value at fiscal year-end.
The main variables of interest in the model are RDGW, RDINT, DLOSS, AGE, and RETVOL. These variables are our proxies for the lack of informativeness in current earnings, or uncertainty in future earnings. We predict a positive coefficient on RDGW, RDINT, DLOSS, and RETVOL, and a negative coefficient on AGE.
Control variables in this model follow prior studies on determinants of management disclosure. 13 Frankel et al. (1995) find that firms make more disclosures before accessing Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) the capital market, which is consistent with a negative relation between disclosure and cost of capital (Healy et al. (1999) , Sengupta (1998 ), Botosan (1997 ). We thus predict a positive association between disclosures and an indicator of firms filing for debt or equity offering (OFFER). We also control for cross-industry differences in disclosure practices. Prior studies find that biotech and pharmaceutical firms tend to provide more disclosures than firms from other industries (FASB (200Ib), Cohen (1992) ).14 To capture this pattern, we use a dummy variable (DIND) that equals 1 for firms with three-digit SIC of 283 and 0 otherwise. We also include in the model the logarithm of market value (LOG(MV)) to control for firm size and M/B (market-to-book ratio) to control for growth prospects. Earlier studies find that they are correlated with firms' disclosure decisions as well (e.g. Tasker (1998) , Lang and Lundholm (1993) ). Lastly, we control for a possible mechanical relationship between the size of the firm's R&D activities and disclosures of innovation by including in the model the natural logarithm of the firm's R&D expenditures (LOG(RD)).
We perform an event study to investigate whether investors respond to disclosures of innovation by high-technology firms (Hypothesis 6). Specifically, we estimate the following pooled OLS conditional market model:15
k=\:
R.t = the firm's return on day t\Mt -the return on value-weighted market portfolio on day t\kn = -1 (1) if the firm made dis news) of type k on day t, 0 otherwise; and k = type of disclosure, k= 1, ..., 19, as defined by information items listed in Exhibit 1.
We also estimate the model using indicator variables for each of the three information categories described in section 3 (8kit, k = A, B, C). This formulation allows us to assess the average market response to disclosure defined by each of the three information categories (A includes k = 1-8; B includes k = 9-14; C includes k = 15-19).
Hypothesis 7 predicts that disclosures are positively associated with subsequent firm performance. To test this, we estimate the following models using sales growth and operating margin as measures of firm performance:
SALESGW.t+1 = bQ + b1 SALESGW [t + b2 RDINT.t + b3 CAPITAL + b4 DISC.t + u.t (3) 14 This difference is likely related to the costs and benefits of disclosure. The long product development cycle in biotech and drug industries tends to postpone revenues for many firms and increase the need for external financing, hence the benefits of disclosure. Moreover, proprietary information costs may be lower, since clear delineation of property rights of biotech and drug companies is expected to decrease opportunities for competitors to benefit from disclosure. This seems consistent with the finding of prior studies that biotech and drug companies are far less concerned with competitors benefiting from the substantial disclosures required in patent applications (Cohen et al. (2000) , Levin et al. (1987) ). Asia-Pacific Journal of Accounting & Economics 10 (2003) 143-172 
Where: SALESGW.t+1 = the firm's sales growth rate of year t +1, calculated as the percentage change of sales from year t to year H-l; SALESGW = sales growth rate of year t, calculated as the percentage change of sales from year t-l to year t\jt+} = operating margin of year H-l, defined as operating income (b advertising expenses and R&D expenditure) divided by sales of year H-l; OPMG = operating margin of year t, defined as operating income (before ad vertising expenses and R&D expenditure) divided by sales of year t\t = R&D intensity (the rati CAPITAL.t -a dummy variable equal to 1 if the firm accesses the capital market for debt or equity financing in the current fiscal year, and 0 otherwise; and DISC = the disclosure score of year t.
The main variable of interest in equations (3) and (4) is DISC, the disclosure score of the current year. We include in the model the lagged values of the dependent variable as control variables because prior studies document that the lagged value of accounting numbers is useful for predicting the future value.16 We also control for the positive effect of investment in R&D (RDINT) and the availability of additional capital (CAPITAL) on the firm's future accounting performance.17 In this analysis, we choose not to use earnings as the performance measure because of the bias it contains due to the expensing of R&D.18 If disclosures of innovation contain information that is not already reflected in current performance but is indicative of future performance, we expect the coefficient on the disclosure score (DISC) to be positive (b4 and c4 in equations (3) and (4), respectively).
We also assess the association between current disclosures and subsequent stock returns. Compared to accounting information, stock returns are likely to be a more comprehensive and timely measure of firm performance. Specifically, we estimate the following model:
16 For example, Watts and Leftwich (1977) find that past earnings are predictive of future earnings.
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Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) Where: RETURN.t+J = the firm's stock returns cumulated from nine months before the end of year t+l to three months after it; BETA.t = the Capital Asset Pricing Model beta estimated using monthly stock returns over the preceding 60 months; LOG(MV) it = logarithm of market value at fiscal year-end; LOG(B/M).{ = logarithm of the ratio of book value of equity to market value (measured at fiscal year-end); LOG(LEVG) it = logarithm of financial leverage, calculated as the ratio of the book value of total assets to the book value of total equity; E(+)/P.t = earnings before extraordinary items deflated by market value for firms with positive earnings and 0 for firms with negative earnings; DLOSS.t = a dummy variable equal to 1 for loss firms and 0 otherwise; RDINT.t = R&D intensity (the ratio of R&D expenditure to sales); CAPITAL.t = a dummy variable equal to 1 if the firm accesses the capital market for debt or equity financing in the current fiscal year and 0 otherwise; and DISC.{ = the disclosure score of year t.
Equation (5) is based on the model of Fama and French (1992) . Besides the variables that have been shown to predict future stock returns (beta, firm size, book-to-market ratio, leverage, and earnings), we include in the model RDINTand CAPITAL as additional control variables. The objective of this regression is to assess whether the information contained in the disclosure score (DISC) is predictive of future returns after controlling for the effect of these other factors.
Sample data and empirical results
Sample selection and descriptive statistics
Subject to the cost constraint of computing the disclosure score, we intended to select a sufficiently large sample of firms that was representative of companies investing in technological innovation, as indicated by the significance of their R&D expenditure. Our sample selection procedure is summarised in Table 1 . From the 1999 Compustat merged annual files, we identified a total of 4,039 firms that reported non-zero R&D expenditure in 1992. We chose 1992 as our sampling year because it was roughly the beginning of a period of rapid growth in R&D spending in the United States.19 We focused on 2,215 firms from the six largest and most R&D-intensive industries, with two-digit SIC of 28 19 The median R&D intensity (the ratio of R&D expenditure to sales) for all Compustat firms with nonzero R&D expenditure is 3.05% for 1992-1999, more than twice as high as the median of 1.37% for 1982-1991. Also the median annual growth in R&D expenditure is 12% for 1992-1999, compared to the median growth rate of 10% for 1982-1991. The difference in the median R&D intensity and annual growth of R&D expenditure between these two periods is statistically significant at the 0.001 level.
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(chemicals, biotech and pharmaceuticals), 35 (computer hardware and machinery), 36 (electrical and electronics), 37 (transportation equipment), 38 (medical and scientific instruments), and 73 (computer software and data services).20 Table 1 We further required sample firms to have sufficient stock returns data that is needed to estimate beta. A total of 230 firms that were not covered by CRSP were deleted, leaving 1,985 firms for further selection. We chose the 1,510 firms that had stock return data for at least five years (60 months) before 1992. These firms were then divided into deciles based 158
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on R&D intensity. From each decile, 14 companies were randomly selected, resulting in a final sample of 140 companies, or 9.27% of the 1,510 firms that met our criteria (hereinafter termed "the qualified population"). Table 2 reports the industry membership of the final sample in comparison with the qualified population. It shows that the six R&D-intensive industries are similarly represented in the two groups, suggesting that our analysis should have sufficient control for cross-industry differences. The Pearson %2 test fails to reject the null hypothesis that the two groups have the same industry composition at the 0.01 level.
In Table 3 , we report summary statistics for the variables of interest along with other descriptive variables. Financial statement data were obtained from Compustat, and stock price and return data from CRSP. Data on equity registration and issuance were gathered from Investment Dealer's Digest (1992, 1993, 1994) . Except for the disclosure score (DISC), all variables are as of the end of fiscal year 1992. To ascertain whether the final sample is representative of the population of firms engaged in R&D-related innovation, the table also includes statistics for the qualified population of the 1,510 firms that met our data requirements. The mean and median differences between the two groups for each variable and their statistical significance levels are reported in the column titled "Difference".
Panel A of Table 3 shows that our final sample is similar to the qualified population with respect to factors that are expected to be associated with firms' disclosure about innovation. The null hypothesis that the value of these variables is the same for the two groups is not rejected at the 0.05 level (two-tailed) by either the r-test or Wilcoxon test. The last row of Panel A reports descriptive statistics on the disclosure score (DISC) for firms of the final sample for the period 1992-1994, computed according to the scoring procedure described in section 3. The mean value of DISC is 4.2, and the median is 2.0. The standard deviation is 5.71, indicating relatively large cross-sectional variation in the disclosure level among sample firms.
In Panel B, we report statistics for other measures of firm size and performance. Specifically, we measure firm size by sales (SALES) and total assets (ASSETS). For firm performance, we use return on equity (ROE), operating margin (OPMG), sales growth (SALESGW) and annual stock returns (RETURN). Again, none of the mean and median differences are significantly different from zero at the 0.05 level. The result thus confirms that the final sample is representative of the qualified population with respect to these firm characteristics.21
In our subsequent analysis, we examine the disclosure score based on press releases of sample firms for the period 1992-1994. Seven firms in the final sample did not survive beyond 1993. Among them, three firms ceased operation and four firms were acquired. Therefore, the estimation of equation (1) is based on 413 observations [(140 x 3) -7], whereas 406 observations (413-7) are available for the regression of equations (3) to (5).22 "Difference" is the difference in mean and median value between the final sample and total qualified population (the ^-statistics and Wilcoxon rank-sum statistics for the statistical significance are in the parenthesis below the mean and median value, respectively). Variables are defined as follows. RDGW is the change in R&D intensity (the ratio of R&D expenditure to sales) from year t-3 to year t. DLOSS is a dummy variable equal to 1 for firms reporting operating losses and 0 otherwise. RDINT is the R&D intensity of year t. AGE is the number of years for which a firm is publicly traded. RETVOL is the volatility of monthly stock returns over the prior year. LOG(RD) is the logarithm of R&D expenditure of year t. OFFER is a dummy variable equal to 1 if the firm files a debt or equity registration statement in the current fiscal year or in the next two fiscal years, and 0 otherwise. DIND is a dummy variable equal to 1 for biotech and pharmaceutical firms (three-digit SIC of 283), and 0 otherwise. LOG(MV) is the logarithm of market value at fiscal year-end. M/B is the ratio of market value to book value. DISC is the score of firms' disclosure about innovation activities. SALES is total sales. ASSETS is total assets. ROE is return on equity (calculated by dividing net income by average of beginning and ending balances of shareholder equity). OPMG is operating margin, defined as operating income (before advertising expenses and R&D expenditure) divided by sales. SALESGW is the sales growth rate. RETURN is annual stock return for the fiscal year. RDEXP is reported R&D expenditure. Pearson (Spearman) correlation coefficients are reported above (below) the diagonal. Coefficients significantly different from zero at p-values less than 5% are in boldface type. DISC is the score of firms' disclosure about innovation activities. RDGW is the change in R&D intensity (the ratio of R&D expenditure to sales) from year t-3 to year t. DLOSS is a dummy variable equal to 1 for firms reporting operating losses, and 0 otherwise. RDINT is the R&D intensity of year t. AGE is the number of years for which a firm is publicly traded. RETVOL is the volatility of monthly stock returns over the prior year. LOG(RD) is the logarithm of R&D expenditure of year t. OFFER is a dummy variable equal to 1 if the firm files a debt or equity registration statement in the current fiscal year or in the next two fiscal years, and 0 otherwise. DIND is a dummy variable equal to 1 for biotech and pharmaceutical firms (three-digit SIC of 283), and 0 otherwise. LOG(MV) is the logarithm of market value at fiscal year-end. M/B is the ratio of market value to book value.
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Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) Table 4 reports the Pearson and Spearman correlation coefficients between the disclosure level (DISC) and the independent variables of equation (1). It shows that disclosures are greater for firms with larger increases in R&D spending rate, firms with higher R&D intensity, firms reporting losses, younger firms, and firms with greater stock return volatility. At the univariate level, the direction of these associations is consistent with the predictions of Hypotheses 1 to 5. The associations between DISC and the control variables are as expected. The disclosure score is higher for firms accessing the capital market and firms from the biotech and pharmaceutical industries. We also find that disclosures increase with firm size and market-to-book ratios, which is consistent with prior studies (e.g. Tasker (1998) , Lang and Lundholm (1993) ). Table 5 reports summary statistics from the multivariate regression of equation (1). The model is estimated by pooling observations from all three years. In unreported analysis, we also run separate regressions for each of the three years. We find that results based on the mean statistics of the annual regressions are similar to those reported in Table 5 . In column (1), we report coefficient estimates when the dependent variable of the regression is the total disclosure score (DISC) summed across the three information categories described in section 3. Overall, it shows that the model explains a meaningful portion of the variation in the sample firms' disclosure level (37.3 per cent). As predicted, the coefficient on RDGW, the proxies for the lack of informativeness in current earnings, is positive and statistically significant at the 0.001 level (two-tailed), indicating that firms make greater disclosures of innovation when they experience higher increases in the R&D spending rate. We also find that the coefficients on R&D intensity (RDINT), the indicator of loss firms (DLOSS), firm age (AGE), and stock return volatility (RETVOL) all have the predicted signs and are statistically significant at the 0.01 level or better (two-tailed). These results are consistent with our prediction that firms make more disclosures of innovation when their future earnings are more uncertain.
Empirical analysis of Hypotheses 1 to 5
The coefficient estimates for the control variables are primarily consistent with our predictions and with findings of prior studies. We find that disclosure levels are higher for firms with greater investment in R&D activities. Consistent with firms' incentive to reduce cost of capital, we find that firms planning to access the capital market for debt or equity financing tend to disclose more news on innovation. The coefficient on firm size is positive and significant (at the 0.001 level), whereas the effect of market-to-book ratio is statistically insignificant. We also find that membership in the biotech and pharmaceutical industry is positively associated with disclosure level after controlling for other factors, although the coefficient is statistically insignificant.
In the remaining columns of Table 5 , we report summary statistics of regressions based on the disclosure score for each of the three information categories used in constructing the total disclosure score (DISC). Overall, the pattern of coefficient estimates is very similar to that based on the total disclosure score. After controlling for factors known to be associated with management disclosure decisions, the coefficients on the proxies for the lack of informativeness in earnings (RDGW) and uncertainty in future earnings (RDINT, DLOSS, AGE, and RETVOL) are found to have the predicted sign and they are statistically significant at the 0.05 level or higher, with the exception of RDINT in the regression for disclosure about completion. The results are stronger for disclosures about the strategy 12.4% ***, **, * indicates statistical significance at the 0.001, 0.01, and 0.05 level, respectively (two-tailed test). DISC is the score of the firm's disclosure about innovation activities. RDGW is the change in R&D intensity (the ratio of R&D expenditure to sales) from year t-3 to year t. DLOSS is a dummy variable equal to one for firms reporting operating losses and zero otherwise. RDINT is R&D intensity in year t. AGE is the number of years for which a firm is publicly traded. RETVOL is the volatility of monthly stock returns over the prior year. LOG(RD) is the logarithm of R&D expenditure. OFFER is a dummy variable equal to 1 if the firm files a debt or equity registration statement in the current fiscal year or in the next two fiscal years, and 0 otherwise. DIND is a dummy variable equal to 1 for biotech and pharmaceutical firms (three-digit SIC of 283), and 0 otherwise. LOG(MV) is the logarithm of market value at fiscal year-end. M/B is the ratio of market value to book value. Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) 143-172 165 and progress of innovation than those about completion or commercialisation. Thus, the evidence in Table 5 provides consistent support to the predictions of Hypotheses 1 to 5. We find that disclosure levels are higher when current earnings are less informative, or when future earnings are more uncertain. Overall, the evidence is consistent with hightechnology firms making more disclosures of innovation to meet greater investor demands for value relevant information. Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) The "Restricted Sample" excludes disclosures made on earnings announcement dates. ***, **, * indicates statistical significance at the 0.001, 0.01, and 0.1 level, respectively (two-tailed test). R. t is the firm's stock returns on day t. RMtis the return on value-weighted market portfolio on day t. 8k . f is the indicator variable for individual or aggregate disclosure types, which takes the value of -1 (1) if the firm disclosed information items containing negative (other news), and 0 otherwise, k= 1 ... 19, or k = A, B, C, where k = 1 (articulation, explanation, and discussion of strategy), k = 2 (nature of innovation), k = 3 (goal, objective, or plan of innovation), k = 4 (relation with current innovation), k = 5 (time frame), k = 6 (amount of financing or spending planned), k = 1 (form of R&D venture), k = 8 (acquisition of other forms for new technology or other innovation capabilities), k = 9 (breakthroughs or milestones of research and development), k = 10 (details of pipeline projects or new products under development), k = 11 (human capital), k = 12 (implementation , continuation, or termination of R&D projects), k = 13 (continuation of available financing), k = 14 (indication of whether R&D projects are on schedule), k = 15 (new product launch or acceptance by market), k=l6 (patent licensing and royalty), k=ll (transfer or sale of technology or patent), k = 18 (marketing alliance for new products), k = 19 (litigation concerning intellectual properties), k = A (information about strategy relating to innovation), k = B (information about progress of innovation), k = C (information about completion or commercialisation of innovation).
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5.3
Empirical analysis of Hypotheses 6 and 7 Table 6 reports estimates from the pooled regression of the conditional market model (equation (2)). Panel A reports that market responses are significantly positive to disclosures about the firm's strategy concerning innovation, form of R&D venture, nature of innovation, breakthroughs of innovation, new product launches, and transfer or sale of the firm's technology. The evidence suggests that these disclosures convey price-sensitive news to the market. The coefficients for other disclosure types are statistically insignificant at conventional levels, except that the coefficient on details of pipeline projects has a negatively significant sign at the 0.10 level. Consistent with prior studies, the coefficient of market return on value-weighted portfolio is positive (0.821) and statistically significant at the 0.001 level.
Panel B reports estimates of the conditional market model based on indicators of the three disclosure categories used in constructing the total disclosure score. The results show that market response to disclosures of strategy, progress, and completion concerning hightechnology firms' innovation is statistically significant at the 0.001 level, indicating, as expected, that on average these disclosures convey useful information to investors. As a robustness check, we also estimate the model after excluding a small number of disclosures made on earnings announcement dates to eliminate possible confounding effects (termed the "Restricted Sample" in Table 6 ). We find very similar results from this additional analysis.
Hypothesis 7 predicts that the disclosure level is positively related to the firm's future performance. In Table 7 , we report the results from the regression of subsequent performance on current disclosure score DISC and control variables. In Panel A, the dependent variable of the regression is the sales growth rate of the next year (equation (3)). As expected, the coefficient estimates for all independent variables are positive and statistically significant at the 0.05 level or better (two-tailed tests). We find that firms with higher disclosure levels are associated with higher sales growth in the next year after controlling for the persistence of sales growth reflected by the coefficient on the lagged sales growth, 3.57*** ***, **, * indicates statistical significance at the 0.001, 0.01, and 0.05 level, respectively (two-tailed test). S ALESGW is the sales growth rate. OPMG is operating margin, defined as operating income (before advertising expenses and R&D expenditure) divided by sales. RDINT is R&D intensity (the ratio of R&D expenditure to sales). CAPITAL is a dummy variable equal to 1 if the firm accesses the capital market for debt or equity financing in the current fiscal year and 0 otherwise. RETURN is the firm's stock returns cumulated from nine months before the end of year t+1 to three month after it. BETA is the Capital Asset Pricing Model beta estimated using monthly stock returns over the preceding 60 months. LOG(MV) is the logarithm of market value at fiscal year-end. LOG(B/M) is the logarithm of the ratio of book value of equity to market value (measured at fiscal year-end). LOG(LEVG) is the logarithm of financial leverage, calculated as the ratio of the book value of total assets to the book value of total equity. E(+)/P is earnings before extraordinary items deflated by market value for firms with positive earnings and 0 for firms with negative earnings. DLOSS is a dummy variable equal to 1 for firms reporting operating losses and 0 otherwise. DISC is the score of the firm's disclosure about innovation activities.
benefits of investment in R&D (RDINT), and availability of additional capital (CAPITAL).
The coefficient on DISC is 0.164 (significant at the 0.01 level), indicating that, on average, the difference in sales growth rate between firms with a disclosure score of 1.0 and those with no useful disclosure is 16.4%. The magnitude of the difference is thus economically meaningful and significant. In Panel B, we report the regression estimates of using operating margin (operating income before advertising and R&D expenses divided by sales) as the performance measure (equation (4)). The pattern of coefficient estimates is similar to that reported in Panel A. All variables are positive and statistically significant at the 0.01 level or better. The coefficient on DISC is 0.117, comparable to the value of 0.164 reported in Panel A. The magnitude of the coefficient estimate indicates that disclosures about innovation have economically significant associations with the future profitability of the firm.
Panel C reports the results of estimating the Fama-French stock return model with the disclosure score included (equation (5)). Except for beta (BETA) and the dummy variable for loss firms (DLOSS), the risk factors have the predicted signs and are statistically significant at the 0.05 level or better. The coefficient estimates of RDINT and CAPITAL are positive but insignificant. The coefficient estimate of DISC is 0.031 (significant at the 0.001 level), indicating that, on average, an increase of 1.0 in the disclosure score is subsequently associated with an increase in risk-adjusted returns of 3.1 %. Thus, the magnitude of the association is economically significant. Similar to other findings of this type, the association may reflect a mis-pricing of securities, namely that investors under-react to disclosure of innovation, or an unidentified extra risk factor related to disclosure. Disentangling these alternative explanations involves a major endeavour and is obviously beyond the scope of our study. Regardless of the source of this association, the evidence enhances our conclusion that disclosures of innovation are predictive of high-technology firms' future economic performance.
Sensitivity analysis
Additional tests were performed to assess the robustness of our empirical results. Overall, these sensitivity tests do not change our main conclusions.
Alternative measures of disclosure level. We measure disclosure level by the number of press releases that contain non-redundant information about innovation as defined in section 3. Our analysis shows that the number of press releases is highly correlated with our disclosure score.23 We also rank firms in each two-digit SIC industry in each year by the disclosure score and use the value of the rank as a measure of disclosure level. When these two alternative measures of disclosure level are substituted for the raw disclosure score in the regression, we find that the regression estimates for all models are very similar and our conclusions concerning the main variables of interest are qualitatively unchanged.
Alternative measures of change in R&D spending rate. We also measure the change in the rate of R&D spending based on the pattern of R&D expenditure over a longer term by using a procedure similar to Lev and Zarowin (1999) . Specifically, we replace our current measure (RDGW) with a dummy variable that equals to one for firms with average R&D intensity below 0.1 from year t-1 to year t-4 and above 0.1 from year t-3 to year t, and zero otherwise. The purpose is to assess whether our current measure of change in the rate of R&D spending only captures temporary variation, namely the change from year t-3 to year t. When repeating the regression of equation (1), we find very similar results for this different measure of change in R&D spending rate, whereas the coefficient estimates of other variables are unchanged.
Additional test of Hypothesis 7. To assess whether the association between disclosures of innovation and the firm's future performance is limited only to the next year, we extend the regression of equations (3) to (5) to performance measures of the subsequent two and three years, respectively. We find that the sign on the coefficient of the disclosure score 170 Feng Gu and John Q. Li Asia-Pacific Journal of Accounting & Economics 10 (2003) (DISC) is consistently positive in all regressions and remains statistically significant in most regressions. The magnitude of the coefficient, however, is smaller when longer forecast horizons are examined. The result thus confirms our conclusion that disclosures of innovation are associated with the firm's future economic performance.
The influence of outliers. We deleted four observations with the value of the disclosure score (DISC) more than three times the standard deviation of the mean. When equation (1) is estimated without these four observations, we find that the coefficient estimates are relatively unaffected, but the statistical significance of most variables slightly increases. For regressions based on equations (3) to (5), removing these observations does not appear to have any material effect on the coefficient estimate of DISC. We also performed similar analysis for other variables, and our results are robust to the exclusion of observations with extreme values.24
Summary and conclusions
In this study, we investigate disclosure of innovative activities by high-technology firms. Our examination focuses on media disclosure of non-GAAP indicators that concerns the key elements of innovation, such as strategy, progress, and commercialisation. We base our analysis on a sample of 140 firms that are representative of companies that make substantial investments in technological innovation. Consistent with our predictions, we find that firms make greater disclosures of innovation when current earnings are less informative, or when future earnings are more uncertain. After controlling for factors known to be associated with management disclosure decisions, our results show that disclosures are greater for firms with larger increases in the rate of R&D spending, firms with higher R&D intensity (the ratio of R&D expenditure to sales), firms reporting losses, younger firms, and firms with more volatile stock returns. This evidence is consistent with firms making greater disclosures to accommodate investor information demands when financial accounting data are less useful, or when uncertainty about the firm's future earnings is higher.
We also find that disclosures of non-GAAP indicators relating to innovation convey price-sensitive news to the market. Moreover, we find that disclosures of innovation are positively associated with the firm's future economic performance. Our evidence suggests that management disclosure of innovation contains useful information. While prior research has shown a decline in the usefulness of earnings and other accounting information due to the increasing rate of innovation and inadequate accounting treatment of intangible assets, our findings suggest that firms are filling the gap with disclosure of non-GAAP indicators that are useful to investors.
